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Irradia,on	
  and	
  VitE	
  Blends:	
  
•  Irradia,on	
  decreases	
  VitE	
  content	
  
•  VitE	
  is	
  gra6ed	
  to	
  UHMWPE	
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Goals	
  

•  To	
  determine	
  the	
  amount	
  of	
  gra6ing	
  in	
  
radia,on	
  cross-­‐linked	
  UHMWPE	
  

•  To	
  determine	
  the	
  effects	
  of	
  irradia,on	
  at	
  
elevated	
  temperature	
  in	
  the	
  presence	
  of	
  
vitamin	
  E	
  

•  To	
  compare	
  the	
  proper,es	
  of	
  warm	
  irradiated	
  
vitamin	
  E	
  blends	
  to	
  warm	
  irradiated	
  and	
  
melted	
  UHMWPEs	
  



1	
  wt%	
  vitamin	
  E-­‐
blended	
  
UHMWPE	
  

Pre-­‐heat	
  @	
  120°	
  

Room	
  temperature	
  

Material	
  and	
  Methods:	
  Gra6ing	
  

Radia,on	
  Doses:	
  
0,	
  25,	
  50,	
  75,	
  100,	
  125,	
  150	
  kGy	
  



Material	
  and	
  Methods:	
  Gra6ing	
  

•  Hexane	
  extrac,on	
  performed	
  to	
  remove	
  
ungra6ed	
  Vitamin	
  E	
  from	
  thin	
  films	
  

•  Assumed	
  post-­‐hexane	
  VitE	
  is	
  gra6ed	
  

•  Gra6ing	
  %	
  determined	
  through	
  FTIR	
  
spectroscopy	
  
– Comparison	
  of	
  pre	
  and	
  post	
  hexane	
  VitE	
  index	
  



Vitamin	
  E	
  gra6ing	
  is	
  increased	
  at	
  elevated	
  temperature	
  



Vitamin	
  E	
  is	
  preserved	
  at	
  elevated	
  temperature	
  

•  FTIR	
  scan	
  for	
  ac,ve	
  
phenol	
  in	
  VitE	
  	
  	
  

•  Unexpected	
  outcome	
  



Crosslinking	
  increases	
  at	
  elevated	
  temperature	
  

VitE	
  decreases	
  Crosslinking	
  in	
  
UHMWPE	
  

WI	
  affects	
  crosslinking:	
  
•  Amorphous	
  content	
  
•  Kine,cs	
  
•  Gra6ing	
  	
  



Vitamin	
  E	
  
concentra-on	
  (wt

%)	
  

Radia-on	
  dose	
  
(kGy)	
  

-­‐	
   100	
  

0.05	
   120	
  

0.1	
   125	
  

0.2	
   160	
  

Material	
  and	
  Methods:	
  Does	
  wear	
  rate	
  follow	
  crosslink	
  
density?	
  

•  Radia,on	
  dose	
  to	
  match	
  crosslink	
  density	
  
• Wear	
  rate	
  from	
  bi	
  direc,onal	
  pin	
  on	
  disc	
  tes,ng	
  



Wear	
  is	
  decreased	
  at	
  elevated	
  temperature	
  



Material	
  and	
  Methods:	
  Comparison	
  to	
  virgin	
  irradiated	
  
and	
  melted	
  

Warm	
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(	
  65,	
  100	
  kGy)	
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(120°C)	
  

0.1	
  wt%	
  vitamin	
  E-­‐
blended	
  GUR1020	
  

UHMWPE	
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  GUR1020	
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Warm	
  
Irradia,on	
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  kGy)	
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Warm	
  
Irradia,on	
  
(120	
  kGy)	
  
E-­‐beam	
  
(120°C)	
  

Matched	
  Dose	
   Matched	
  crosslink	
  density	
  
Mel,ng	
  

Warm	
  
Irradia,on	
  
(140	
  kGy)	
  
E-­‐beam	
  
(120°C)	
  



Crosslink density 
(mol/m3) 

65 kGy irradiated and melted virgin 169±10 

100 kGy irradiated and melted virgin 209±23 

0.1 wt% + 100 kGy 168±13 

0.1 wt% + 120 kGy 188±5 

0.1 wt% + 140 kGy 218±7 

Matched	
  Dose	
  



Crosslink density 
(mol/m3) 

65 kGy irradiated and melted virgin 169±10 

100 kGy irradiated and melted virgin 209±23 

0.1 wt% + 100 kGy 168±13 

0.1 wt% + 120 kGy 188±5 

0.1 wt% + 140 kGy 218±7 

Matched	
  	
  
Crosslink	
  Density	
  



Mechanical	
  Proper,es:	
  	
  Ul,mate	
  tensile	
  strength	
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Crystallinity	
  



Accelerated aging with squalene 

N=3	
  

•  Found to absorb in UHMWPE implants in vivo 
Costa et al. Biomaterials 2001 22: 307-315. 

•  Oxidation-prone molecule constituting large part of skin lipids 
•  Found in synovial fluid as well 

• Useful for comparing oxidative stability.  Clinical relevance TBD. 

Doping	
  in	
  squalene	
  	
  
at	
  120°C	
  	
  for	
  2	
  hours	
  

Accelerated	
  aging	
  in	
  
pressure	
  vessel	
  at	
  70°C	
  

and	
  5	
  atm.	
  O2	
  



Accelera,on	
  of	
  oxida,on	
  by	
  lipids	
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Conclusions	
  

• 	
  Warm	
  irradia,on	
  increased	
  the	
  gra6ing	
  of	
  vitamin	
  E	
  in	
  UHMWPE	
  while	
  
preserving	
  more	
  ac,ve	
  vitamin	
  E	
  for	
  longer-­‐term	
  oxida,ve	
  stability.	
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• 	
  When	
  compared	
  to	
  virgin	
  warm	
  irradiated	
  and	
  melted	
  UHMWPEs	
  at	
  matching	
  
cross-­‐link	
  density,	
  the	
  mechanical	
  strength	
  of	
  the	
  warm	
  irradiated	
  vitamin	
  E	
  
blends	
  were	
  higher	
  presumably	
  due	
  to	
  higher	
  crystallinity.	
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  UHMWPEs	
  at	
  matching	
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  strength	
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  irradiated	
  vitamin	
  E	
  
blends	
  were	
  higher	
  presumably	
  due	
  to	
  higher	
  crystallinity.	
  

• 	
  When	
  challenged	
  in	
  the	
  presence	
  of	
  the	
  pro-­‐oxidant	
  squalene,	
  the	
  warm	
  
irradiated	
  vitamin	
  E	
  blends	
  showed	
  higher	
  oxida,ve	
  stability	
  than	
  virgin	
  
irradiated	
  and	
  melted	
  UHMWPEs.	
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